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SYSTEM AND METHOD FOR NON 
CONTACT TEMPERATURE SENSING 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the bene?t of Provisional Patent 
Application Ser. No. 60/282,588 ?led Apr. 9, 2001. 

FIELD OF THE INVENTION 

The invention relates to non-contact temperature sensing 
and, in particular, to a system and method for providing 
reliable temperature readings. 

BACKGROUND OF THE INVENTION 

It is knoWn in the art to use radiometric techniques to 
provide for non-contact measurement of temperatures. See, 
for example, US. Pat. No. 3,932,744 “Null Balance Radio 
metric Apparatus” and US. Pat. No. 4,561,786 “Tempera 
ture Measurement Apparatus,” both issued to Anderson. 
Recent advances in infrared and digital technology have 
resulted in broader temperature ranges, improved optics, 
faster response times, and tighter calibration accuracy for 
most infrared thermometers. HoWever, despite these 
advances in sensor performance, the ability to properly 
apply the technology still remains the dominant factor 
adversely affecting measurement accuracy and reliability. 
Even the best-planned installation cannot anticipate every 
factor that may affect a sensor’s measurement ability. 
Ultimately, the performance of the sensor is dependent upon 
the ability to minimiZe or eliminate the impact of interfering 
process conditions. 
What is needed is a sensor Which continuously monitors 

process conditions and responds appropriately to provide 
more accurate and reliable temperature measurements. 

SUMMARY OF THE INVENTION 

The present invention discloses a temperature sensing 
device including optics for collecting incident infrared 
energy, a processor, and a memory. The device functions to 
determine one or more signal parameters, such as signal 
strength and signal dilution, and compares the parameter 
With pre-speci?ed acceptable limits. One temperature indi 
cation is provided if the limits are met, and another tem 
perature indication is displayed if the limits are not met. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention description beloW refers to the accompa 
nying draWings, of Which: 

FIG. 1 shoWs a radiometric temperature sensor perform 
ing a temperature measurement of a target surface through 
intervening media; 

FIG. 2 is an illustration of a full ?eld of vieW as imaged 
by the radiometric temperature sensor of FIG. 1; 

FIG. 3 is an illustration of a small ?eld of vieW as imaged 
by the radiometric temperature sensor of FIG. 1; 

FIG. 4 is an illustration of a Wandering ?eld of vieW as 
imaged by the radiometric temperature sensor of FIG. 1; 

FIG. 5 is a How diagram illustrating a ?rst preferred 
embodiment for providing reliable temperature readings in 
the radiometric temperature sensor of FIG. 1; 

FIG. 6 shoWs curves for a signal strength reading and a 
signal dilution reading With respective pre-established upper 
and loWer limit values; 
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2 
FIG. 7 is a graph representing the displayed temperature 

reading on the radiometric temperature sensor of FIG. 1; and 

FIG. 8 is a How diagram illustrating a generaliZed process 
for providing reliable temperature readings in the radiomet 
ric temperature sensor of FIG. 1. 

DETAILED DESCRIPTION OF AN 
ILLUSTRATIVE EMBODIMENT 

It can be appreciated by one skilled in the relevant art that 
the accuracy of an indicated temperature reading obtained 
by a radiometric temperature sensor 11 may be affected by 
the presence of intervening media 13, such as smoke, dust, 
steam, WindoWs, spray, or mechanical obstructions, Where 
the media 13 is present betWeen a remote target 15 being 
measured and the radiometric temperature sensor 11, as 
shoWn in FIG. 1. The target 15 may be a selected material, 
such as glass, aluminum, or silicon, and/or a selected 
product, such as a block, a rod, or a Wafer. The radiometric 
temperature sensor 11 functions by using an internal infrared 
temperature sensor (not shoWn) to collect incident infrared 
energy 17. In the eXample provided, the incident infrared 
energy 17 comprises emitted infrared energy 19 originating 
at the target 15 and modi?ed by the intervening media 13. 
The internal infrared temperature sensor uses an optical 

system 21 to collect the incident infrared energy 17 from the 
target 15 being measured. A temperature measurement is 
determined from data obtained at one or more Wavelengths 
of the collected infrared energy 17 as is Well-known in the 
relevant art. The resultant temperature measurement may be 
affected by one or more environmental factors, including 
emissivity variation in the target 15, misalignment of the 
radiometric temperature sensor 11, optical obstructions in 
the path betWeen the radiometric temperature sensor 11 and 
the target 15, and stray re?ected infrared energy incident on 
the radiometric temperature sensor 11. Proper alignment of 
the radiometric temperature sensor 11 results in a preferred 
‘full’ ?eld of vieW (FOV) 23 Where the target 15 ?lls the 
measured area, shoWn in FIG. 2. In comparison, a mis 
aligned radiometric temperature sensor 11 may produce a 
small FOV 25 Where the target 15 is centered in but does not 
?ll the measured area shoWn in FIG. 3, or a ‘Wandering’ 
FOV 27 Where the target 15 does not ?ll the measured area 
and also moves Within the area shoWn in FIG. 4. 

Accordingly, When one or more of the above adverse 
conditions is present, the temperature reading indicated on 
the display (not shoWn) of the radiometric temperature 
sensor 11 may become unreliable or inaccurate. 
Accordingly, the user of the radiometric temperature sensor 
11 Would have no Way of knoWing that the displayed 
temperature reading is incorrect. This problem is overcome 
in the radiometric temperature sensor 11 by also using tWo 
additional signal parameters derived during the process of 
collecting the incident infrared energy 17. 
The ?rst derived signal parameter is signal strength, or 

emissivity, a relative measurement of the infrared energy 19 
being emitted by the target 15, in FIG. 1. When the ?eld of 
vieW of the radiometric temperature sensor 11 is ‘full’ and 
unobstructed, the signal strength value represents the emis 
sivity of the surface of the target 15. The signal strength 
parameter typically lies betWeen 0 and 2. 

The second derived signal parameter is signal dilution, a 
relative measurement of the amount of infrared energy being 
emitted by the target 15 to the amount of infrared energy 
required by the radiometric temperature sensor 11 to pro 
duce a reading. The signal dilution parameter typically 
ranges from 0:1 to 600011. 
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LoW signal strength and signal dilution values may be 
indicative of dirty sensor optics, poor alignment, or the 
presence of optical obstructions. High signal strength and 
signal dilution values may be indicative of background 
source re?ections or other high temperature sources incident 
on the optical system 21. It folloWs that, When a temperature 
reading is obtained When either or both the signal strength 
and signal dilution values are higher or loWer than normally 
expected, the resultant temperature reading may no longer 
be considered accurate. 

In the disclosed system and method for non-contact 
temperature sensing, the signal strength and signal dilution 
values are continuously monitored during the temperature 
measurement process to provide an indication of measure 
ment reliability. When either the signal strength value or the 
signal dilution value moves outside a preestablished range, 
the indicated temperature reading is considered to be unre 
liable or inaccurate. In one embodiment, the radiometric 
temperature sensor 11 includes a processor 31 and a memory 
33 for indicating that the sensing environment is producing 
an inaccurate temperature reading, in accordance With the 
disclosed method described in greater detail beloW. For 
example, this indication can be provided as: i) a displayed 
status or error message indicating that an accurate reading is 
no longer being obtained, ii) by displaying a default, mini 
mum temperature reading, or iii) by using an internal 
peak-hold feature to continue displaying the most-recent, 
accurate temperature reading as a ?xed temperature reading 
on the radiometric temperature sensor 11, While the signal 
strength value or the signal dilution value remains outside 
the pre-established range. 

In an alternative embodiment, a computer 35 is attached 
to the radiometric sensor using a cable 37, such as an RS485 
or an RS232 cable. The computer 35 includes a processor 
and memory (not shoWn) for performing the disclosed 
method described beloW. In the alternative embodiment, the 
radiometric temperature sensor 11 can be used to acquire the 
incident infrared energy 17, and then send raW infrared data, 
temperature data, signal strength data, and/or signal dilution 
data to the computer via the cable 37. If infrared data is sent 
to the computer 35 by the radiometric temperature sensor 11, 
the computer 35 is used to derive the signal strength data and 
the signal dilution data. Any or all of the infrared energy 
data, the temperature reading, the signal strength data, and 
the signal dilution data can be displayed on the computer 
screen 36 instead of or in addition to appearing on the 
display of the radiometric temperature sensor 11. In yet 
another alternative embodiment, steps for performing the 
disclosed method are read from or loaded into the computer 
35 or the temperature sensor 11 from a computer-readable 
medium 39 (here shoWn inserted into the computer 35). The 
computer-readable medium 39 can be a magnetic or an 
optical disk, for example. 
A preferred embodiment of the disclosed temperature 

sensing process is illustrated in the How diagram of FIG. 5 
illustrating one measurement cycle. It should be understood 
that the measurement cycle can be repeated inde?nitely for 
applications in Which a continuous temperature reading is 
being obtained. The incident infrared energy 17 is collected 
by the optical system 21, at step 41. The current signal 
strength value (SS) is compared With a pre-established 
signal strength loWer limit value, at decision block 43. If the 
current signal strength value is less than the loWer limit, then 
the radiometric temperature sensor 11 displays a suitable 
reading, such as ‘LO SS,’ at step 45, and the temperature 
display output reading is set to a pre-established value or to 
a default value, such as a minimum temperature reading, at 
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4 
step 47. At this point, the current temperature measurement 
cycle may end, at step 49, or may be repeated as desired by 
the particular setting or mode of the radiometric temperature 
sensor 11. 

If the current signal strength value is not less than the 
loWer limit, the current signal dilution value (SD) is com 
pared With a pre-established signal dilution loWer limit 
value, at decision block 51. If the current signal dilution 
value is less than the signal dilution loWer limit, then the 
radiometric temperature sensor 11 displays a suitable 
reading, such as ‘LO SD,’ at step 53, and the temperature 
display output reading is set to the pre-established or default 
value, at step 55, and the current measurement cycle ends, 
at step 49. 

If the current signal dilution value is not less than the 
signal dilution loWer limit value, the current signal strength 
value is compared With a pre-established signal strength 
upper limit value, at decision block 57. If the current signal 
strength value is greater than the upper limit, then the 
radiometric temperature sensor 11 displays a suitable 
reading, such as ‘HI SS,’ at step 59, and the temperature 
display output reading is set to the pre-established or default 
value, at step 61. The current temperature measurement 
cycle may end, at step 49, or may be repeated. 

If the current signal strength value is not greater than the 
signal strength upper limit, the current signal dilution value 
is compared With a pre-established signal dilution upper 
limit, at decision block 63. If the current signal dilution 
value is greater than the signal dilution upper limit, the 
radiometric temperature sensor 11 displays another suitable 
reading, such as ‘HI SD,’ at step 65, and the temperature 
display output reading is set at the pre-established or default 
value, at step 67. 

If the current signal dilution value is not greater than the 
signal dilution upper limit, the radiometric temperature 
sensor 11 displays a suitable indicator, such as ‘FILTERED 
TEMPERATURE’ or “TEMP,’ at step 69, and the ?ltered 
temperature value is displayed as the current temperature 
reading, at step 71. The measurement cycle may end, at step 
49, or repeat as desired. As understood in the relevant art, an 
un?ltered temperature is initially obtained from incident 
infrared energy 17 Where there are no conditioning ?lters 
applied. Signal conditioning ?lters, Which provide for time 
averaging or peak holding, may be applied to obtain the 
?ltered temperature reading. 
The disclosed temperature sensing process can be 

explained in greater detail With reference to the graphs of 
FIGS. 6—7. FIG. 6 includes a signal strength curve 81 and a 
signal dilution curve 91, as exemplary of a typical remote 
measurement application. A signal strength upper limit 85, 
or maximum value, has been set at 0.400 and a signal 
strength loWer limit 83, or minimum value, has been set at 
0.300. When the signal strength curve 81 drops beloW signal 
strength loWer limit 83 at crossover point 87, corresponding 
to optical misalignment, for example, the ?ltered or un?l 
tered temperature reading Will not be used. Similarly, When 
the signal strength curve 81 exceeds the signal strength 
upper limit 85 at crossover point 89, corresponding to an 
unacceptable increase in re?ections, for example, the tem 
perature reading Will no longer be considered to be accurate 
or reliable. 

Similarly, the signal dilution upper limit 95 has been set 
at 150, and the signal dilution loWer limit 93 has been set at 
85. When the signal dilution curve 91 exceeds the signal 
dilution loWer limit 93, at crossover point 97, corresponding 
to a reduction of intervening smoke to an acceptable level 
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for example, the current ?ltered or un?ltered temperature 
Would be considered as an accurate reading. When the signal 
dilution curve 91 exceeds the signal dilution upper limit 95, 
at crossover point 99, the current ?ltered temperature Would 
no longer be considered as accurate. 

The upper and loWer limits speci?ed in FIG. 6 are 
preferably obtained empirically during a calibration process, 
by comparing indicated temperature reading With the output 
of a thermocouple or other temperature indication device 
placed at the target. In Way of example, heavy smoke may 
cause the radiometric temperature sensor 11 to measure 
beloW the true temperature that is measured by the reference 
thermocouple. The signal dilution value may also contem 
poraneously drop beloW a level of 85 When such a heavy 
smoke condition exists. Based on this observation, a loWer 
limit of 85 is speci?ed for the signal dilution reading. At a 
later stage of the calibration process, signi?cant re?ections 
may cause the radiometric temperature sensor 11 to measure 
higher than measured by the reference thermocouple. Dur 
ing this stage, the signal strength may have increased to 0.4, 
and the signal dilution may have increased to 150. Based on 
this observation, the upper limit for the signal strength is 
speci?ed to be 0.4, and the upper limit for the signal dilution 
is speci?ed to be 150. 

The signal strength and signal dilution maximum and 
minimum values shoWn in FIG. 5 are then used to produce 
the temperature output described by a temperature display 
curve 101 (solid line) in FIG. 7. At a time to, the signal 
dilution value equals the signal dilution loWer limit or 
minimum, corresponding to the crossover point 97 in FIG. 
6. For the time period t<tO, the temperature display reading 
Was the pre-established minimum or default value, corre 
sponding to step 47 or 55 in the How chart of FIG. 5. 
OtherWise, an inaccurate (i.e., loW) series of temperature 
readings, indicated by the dashed curve 103, Would have 
been displayed. 

For the time period toététl, the displayed temperature 
reading is the ?ltered or un?ltered temperature value 
obtained by the radiometric temperature sensor 11, here 
shoWn as the temperature display curve 101. Because the 
signal strength and the signal dilution values are Within 
acceptable limits in the time period tO ététl, the temperature 
values are considered to be accurate. 

At the time t1, the signal strength value equals the signal 
strength upper limit or maximum, corresponding to the 
crossover point 89 in FIG. 6. Accordingly, for the time 
period t>t1, the temperature display is the pre-established 
minimum value, corresponding to step 61 in the How dia 
gram of FIG. 5. OtherWise, an inaccurate (i.e., high) series 
of temperature readings, indicated by the dashed curve 105, 
Would have been displayed by the radiometric temperature 
sensor 11. 

The signal strength upper and loWer limits, and the signal 
dilution upper and loWer limits are preferably determined 
empirically via a calibration procedure. The calibration 
values so obtained are subsequently stored in the memory 33 
of the radiometric temperature sensor 11 prior to performing 
temperature measurements. A ?rst step in this calibration 
process includes the collection of data, for a particular 
application, under a Wide range of operating conditions. For 
example, the various types of applications to Which the 
disclosed method can be applied include remote temperature 
sensing of the folloWing groups of materials and products: 
Aluminum and other nonferrous metals 
Galvannealed steel 
Glass molds 
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Molten metals 
Small Wires 
Semiconductor substrate Wafers 
Stainless steel 
Welded tubes 
The calibration procedure for a selected material and/or 

product includes obtaining a series of temperature measure 
ments for a range of operating conditions, operating 
temperatures, or other environmental parameter(s). As the 
operating condition is varied, one or more of the folloWing 
values are obtained and recorded: 

A reference temperature, such as provided by a thermo 
couple placed on the remote material or product 

The ?ltered temperature reading provided by the sensor 
The signal strength value 
The signal dilution value 
Any distinguishing notes regarding the operating condi 

tions for the selected material or product 
For example, if a meaningful change is observed in the 

signal strength value, the technician recording the data 
during the calibration process makes a note describing any 
related changes occurring in the operating conditions. The 
data so obtained is analyZed to establish a valid range of 
values for the signal strength and signal dilution readings, as 
explained above. When either the signal strength or the 
signal dilution value lies outside limits de?ned by the 
corresponding valid range, the ?ltered or un?ltered tempera 
ture value is then determined to not accurately re?ect the 
reference temperature readings. By specifying an acceptable 
accuracy for the ?ltered temperature reading, the minimum 
and maximum values for the signal strength value and the 
signal dilution value can be found from the calibration 
process. 
A generaliZed description of the disclosed temperature 

sensing process is illustrated in the How diagram of FIG. 8, 
Where the measurement cycle can be repeated for a continu 
ous temperature reading. The incident infrared energy 17 is 
collected and the relevant parameters are obtained, at step 
111. A relevant parameter may be the un?ltered target 
temperature, the ?ltered target temperature, signal strength, 
and/or signal dilution. 

Averi?cation step is performed, at decision block 113, to 
determine Whether the relevant parameter(s) meets a speci 
?ed criterion. The particular criterion can be based on the 
speci?c characteristics of a particular application. For 
example, the criterion can be determining Whether the signal 
strength lies Within a speci?ed range, or Whether the ambient 
temperature is out of range for proper functioning of the 
radiometric temperature sensor 11. If the relevant parameter 
is not valid, a response is initiated for the invalid condition, 
at step 115. The response may comprise displaying a status 
message, changing the temperature value, sounding an 
alarm, providing a ?ashing or other type of unique display, 
or by using an internal peak-hold feature to continue dis 
playing the most-recent, accurate temperature reading on the 
radiometric temperature sensor 11. If, on the other hand, the 
relevant parameter is valid, the measured temperature value 
is accepted, at step 117. The temperature measurement cycle 
terminates at step 119 from either step 115 or step 117. 
The above is a description of the realiZation of the 

invention and its embodiments utiliZing examples. It should 
be self-evident to a person skilled in the relevant art that the 
invention is not limited to the details of the above presented 
examples, and that the invention can also be realiZed in other 
embodiments Without deviating from the characteristics of 
the invention. Thus, the possibilities to realiZe and use the 
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invention are limited only by the claims, and by the equiva 
lent embodiments Which are included in the scope of the 
invention. 
What is claimed is: 
1. A method for obtaining a temperature measurement of 

a remote target, said method comprising the steps of: 

collecting incident infrared energy from the target to 
obtain a temperature signal; 

deriving a signal strength value and a signal dilution value 
from said incident infrared energy; 

if both said signal strength value and said signal dilution 
value lie Within respective pre-de?ned limits, providing 
a ?rst temperature indication by displaying a tempera 
ture reading corresponding to said temperature signal; 
and 

if either said signal strength value or said signal dilution 
value lies outside said respective pre-de?ned limits, 
providing a second temperature indication. 

2. Amethod as in claim 1 Wherein said temperature signal 
comprises a ?ltered temperature signal. 

3. A method as in claim 1 Wherein said step of providing 
a second temperature indication comprises the step of dis 
playing an error message. 

4. A method as in claim 1 Wherein said step of providing 
a second temperature indication comprises the step of dis 
playing a continuous temperature reading. 

5. A method as in claim 1 Wherein said step of providing 
a second temperature indication comprises the step of con 
tinuing to display the most-recent temperature reading. 

6. A remote temperature sensing device comprising: 
optical means for collecting incident infrared energy from 

a target to produce a temperature signal; 

processor means for deriving signal strength and signal 
dilution from said collected infrared energy; 

processor means for comparing at least one of said signal 
strength and said signal dilution With corresponding 
acceptable ranges of values; 

means for displaying a ?rst temperature indication if at 
least one of said signal strength and said signal dilution 
lies outside said corresponding acceptable range of 
values; and 

means for displaying a second temperature indication if 
both of said signal strength and said signal dilution lie 
Within said acceptable ranges of values. 

7. A remote temperature sensing device as in claim 6 
further comprising a memory for storing said acceptable 
ranges of values. 

8. A computer-readable medium comprising computer 
eXecutable instructions for obtaining a temperature measure 
ment of a remote target by performing the steps of: 

collecting incident infrared energy from the target to 
derive a temperature signal; 
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measuring signal strength of said incident infrared energy; 
measuring signal dilution of said incident infrared energy; 
if both signal strength and signal dilution lie Within 

pre-de?ned limits, providing a ?rst temperature indi 
cation; and 

if either signal strength or signal dilution lies outside said 
pre-de?ned limits, providing a second temperature 
indication. 

9. The computer-readable medium as in claim 8 Wherein 
said step of providing a ?rst temperature indication com 
prises the step of displaying a ?ltered temperature obtained 
from said temperature signal. 

10. The computer-readable medium as in claim 8 Wherein 
said step of providing a second temperature indication 
comprises the step of displaying an error message. 

11. The computer-readable medium as in claim 8 Wherein 
said step of providing a second temperature indication 
comprises the step of displaying a continuous temperature 
reading. 

12. A remote temperature sensing system comprising: 
a radiometric temperature sensor for collecting incident 

infrared energy from a target to produce infrared energy 
data; 

?rst processor means for determining a temperature read 
ing from said infrared energy data; 

second processor means for determining signal strength 
and signal dilution from said infrared energy data; and 

third processor means for comparing at least one of said 
signal strength and said signal dilution With corre 
sponding acceptable ranges of values. 

13. The remote temperature sensing system as in claim 12 
further comprising display means for displaying a ?rst 
temperature indication if at least one of said signal strength 
and said signal dilution lies outside said corresponding 
acceptable range of values and for displaying a second 
temperature indication if both of said signal strength and 
said signal dilution lie Within said acceptable ranges of 
values. 

14. The remote temperature sensing system as in claim 13 
Wherein said display means comprises a computer screen. 

15. The remote temperature sensing system as in claim 12 
further comprising a cable disposed betWeen said radiomet 
ric temperature sensor and at least one of said ?rst, second, 
and third processor means. 

16. The remote temperature sensing system as in claim 15 
further comprising a computer attached to said cable, said 
computer including at least one of said ?rst, second, and 
third processor means. 

17. The remote temperature sensing system as in claim 12 
Wherein said radiometric temperature sensor includes said 
?rst processor means. 


